Number, size, shape and distribution of nuclei in hyphal tip cells of Botrytis cinerea treated with inosine were different from those in the untreated ones. In the presence of inosine, the nuclei increased remarkably, and nuclei which differed in size and shape were contiguous in the hyphal tip cells and in the nuclei with one or two budding-like projections were frequently observed in these cells. In the hyphal tip cells treated with inosine, the nuclei lined up in one parallel or diagonal row, although the nuclei distributed in a file more or less uniformly in the untreated ones. From electron microscopy of the hyphal tip cells treated or untreated with inosine, the nuclei of various stages in mitosis were observ ed in the untreated ones, while in the treated ones, deformation of the nuclei suggesting non-mitosis, such as budding was frequently observed: nuclei whose part of the nuclear en velope began to project out, formed developing projections or the projections appeared nearly detached from the parent nuclei. In these nuclei, the spindle pole bodies and microtubules, which took roles in mitotic division of nuclei, were not found.
To find acting sites of inosine in B. cinerea cytologically, ultrastructural changes in the hyphal cells treated with inosine were investigated under an electron microscope.
In the present study, the fine structures of nuclei in the hyphal tip cells treated or untreated with inosine were observed, respectively. This paper deals with changes in mechanism of the nuclear division of B. cinerea with treatment of inosine. Hyphae of B. cinerea elongated linearly from primary appressoria in the presence of glucose. At various times from 12 to 24hr after the onset of incubation, the hyphal tip cells containing five to eight nuclei were most frequently observed ( Fig. 1 ). The nuclei distributed more or less uniformly in the hyphal tip cells along the hyphae, and in them nuclei of various mitosis stages from interphase to telophase were found.
In the presence of inosine, the fungal hyphae ceased to elongate linearly, and swell ing of the hyphal tip cells was found within 24hr after the onset of incubation. Num ber, distribution, size and shape of nuclei in the swelled tip cells were remarkably different from those in the tip cells of the hyphae elongating linearly. Eighteen or 24
hr after the onset of incubation, the hyphal tip cells containing twelve to eighteen nu clei were frequently observed (Fig. 1) . Two or three nuclei which differed in size or shape were contiguous to near their tips in the hyphal tip cells began to swell, and them the nuclei appearing to show budding were frequently observed (Fig. 2) . In the swelled tip cells or in the ones branching dichotomously, nuclei lined up in one parallel row near the tips, and near the septa nuclei, which differed in size or shape, distribut ed in more or less one diagonal row. The SPB was composed of electron-dense outer layer and less-dense inner layer which appeared attached to the nuclear envelope (Plate I-1).
In prophase nuclei, two SPB's were found in nuclear inpocketings (Plate 1-2). The chromosomes were easily distinguished and nucleoli were still present in the nuclei (Plate 1-2).
As nuclear division progressed into metaphase, the nuclear shape changed from ovoid at prophase to almost rectangular at metaphase. At metaphase nuclei, the nucleoli were not found and within the nucleoplasm an amorphous granular region occurred adjacent to the nuclear envelope beneath each SPB (Plate 1-3 ). There was a ribosome-free zone between the SPB and the cytoplasm (Plate 1-3, arrow) . The chromosomes were highly contacted and clearly visible in polar view, and the microtubules, which were divergent at prophase, radiated from this dense amorphous granular region into the chromosome clusters (Plate I-3).
A nucleus at anaphase is shown in Plate 1-4. Most of the chromosomes had reached the spindle poles and short microtubules were found between the amorphous granular region and the chromosome mass (Plate 1-4).
At telophase the nuclear envelope constricted around the SPB's behind the incipient daughter nuclei. Microtubules traversed from the poles through the corridors to the Fig. 3) .
In many sections of hyphal tip cells, two or three nuclear pieces, which were irreg ular or oval in shape, centering around a round nucleus (Plate 11-9). In the central nuclei, roughly round nucleoli were centrally located, and the nucleoli structurally con sisted of three major components: fibrillar regions, granular regions, and lacunae or lacunar regions (Plates 11-9-12). From observations of the serial sections, SPB's and microtubules were not found in the central nuclei (Table 2) . Nuclear pieces around the central nuclei were various in size or shape (Plate 11-9). At most of the nuclear pieces, SPB's or microtubules were found (Table 2) . Serial sections of these nuclei showed that nucleoli were still intact and prominently remained within the parent nuclei, although small nucleoli were occasionally seen within the well-developed projections. In these nuclei, the SPB's and microtubules were not found (Table 2) .
From observations of the serial sections showing the end of nuclear division, two daughter nuclei were roughly round, and contained prominent nucleoli (Plate II-12).
The interzonal region, which was present between two daughter nuclei in mitosis (Plate I -6) , was not found between two daughter nuclei in these sections (Plate II-12).
Discussion
Nuclei in hyphal tip cells of Botrytis cinerea treated with inosine differed with re spect to number, size, shape and distribution, and ultrastructure, compared with the nuclei in the hyphal tip cells elongating linearly. From light microscopy, the nuclei lined up in one parallel row, and appeared to be present in four or five units in the tip cells. In these nuclei, the nuclear deformation suggesting division with budding was frequently found. From electron microscopy of the hyphal tip cells, one to four nuclear pieces around a round nucleus containing a large nucleolus were observed in the trans verse sections. Many sections of the central nuclei showed that deformation in the nuclei: the nuclei whose part of the nuclear envelope began to project out, formed well developed projections or the projections appeared to nearly detach from the nuclei, were found. Also, in the central nuclei, SPB's and microtubules which took part in mitosis
were not observed. In many sections showing the end of mitotic division, the daughter nuclei were rectangular shape comparatively, and interzonal regions were present be tween two daughter nuclei. In the hyphal tip cells treated with inosine, however, the serial sections showing the end of nuclear division indicated that the daughter nuclei were round, and that the interzonal regions were not present between them. These findings suggested that in the hyphal cells treated with inosine, the nuclear pieces were dissociated from the central nuclei with non-mitotic division, such as budding.
In fungi, although non-mitotic division like budding has not been reported, non mitotic separation of nuclear portion with protrusion of the nuclear envelope has been known in a number of fungi6, [9] [10] [11] 18, 23, 25, 27, 30, 31, 34, 44) especially Basidiomycetes. In these reports, portions of nuclei and (or) nucleoli were isolated from the mitotic region of the nucleus, and hence this phenomenon was concluded to be a prelude to mitosis11,14). The present study showed that in the hyphal tip cells treated with inosine, the nuclear portions protruded from the nuclei, in which prominent nucleoli were present but no SPB's and microtubules found. In the nuclear pieces appeared to isolate the central nuclei, the SPB's and microtubules were frequently found. Also, the nuclei with two buds (projections) were observed in the hyphal tip cells by both light and electron microscopy.
The above facts suggested that in the hyphal tip cells treated with inosine, isolation of the nuclear pieces with protrusion of the nuclear envelope was not a prel ude, but the non-mitosis with budding.
Non-mitotic division of nuclei, such as constriction12,13,21,38,40) or karyochorisis7,8,26,39, 41) has been known to occur in growth stages of fungi , e. g. asexual reproduction, which are requisite to production of many nuclei at a time.
In this study, these modes of non-mitosis were not found in the hyphal tip cells.
The present ultrastructural results on nuclear mitosis in hyphae of B. cinerea, which elongated linearly in the presence of glucose, corroborated the findings from light mi croscopy by Richmond and Phillips33). Also, this study indicated that the nuclear en velope was found in the nucleus of each mitotic stage, and hence the separation of spindle and chromosomes in B. cinerea appeared to be intranucleate. The intranucleate or closed type of nuclear division was known in many fungi1, 5, 14, 17, 19, 32, 43, 45) except for Basidiomycetes, in the protozoan Blepharisma20) and in some algae29). Also, a SPB in the nuclei was disc-like, and associated with a ribosome-free zone on its cytoplasmic side and amorphous granular region in the nucleoplasm beneath the SPB, which appeared similar to that in Ascomycetes15, 16, 18, 24, 28, [35] [36] [37] 42) .
From these ultrastructural results in addition to the previous reports2-4), nuclei of B. cinerea diveded by mitosis in the hyphal tip cells when the hyphae elongated linearly in the presence of glucose, while the nuclei appeared to divide into lots of nuclear pieces by non-mitosis in the ones when multicellular appressoria were induced with treatment of inosine. The above facts suggest that inosine may take a role as a switch changing modes of the nuclear division connected with morphogenesis of the multicel lular appressoria in B. cinerea.
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